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The genus Tribolium Desv. is endemic to South Africa and comprises twelve species, which are subdivided into 
three sections. The section Tribolium comprises four species, namely T. ciliare (Stapf) Renv., T. echinatum 
(Thunb.) Desv., T. hispidum (Thunb.) Desv. and T. utriculosum (Nees) Renv. Meiosis is usually normal in three of 
the four species, whereas many T. hispidum specimens contain chromosome irregularities during meiosis. The 
four species are morphologically similar. Interspecific hybridization is suggested by specimens with an inter-
mediate morphology and chromosome behaviour, indicative of reduced homology between genomes. 
Die genus Tribolium Desv. is endemies tot Suid-Afrika en bestaan uit twaalf spesies, wat in drie seksies ingedeel 
is. Die seksie Tribolium bestaan uit vier spesies, naamlik T. ciliare (Stapf) Renv., T. echinatum (Thunb.) Desv., 
T. hispidum (Thunb.) Desv. en T. utriculosum (Nees) Renv. In drie van die vier spesies is meiose gewoonlik 
normaal, terwyl T. hispidum meiotiese abnormaliteite bevat. Die vier spesies stem morfologies ooreen. Inter-
mediere morfologie en sitogenetiese gedrag wat dui op verminderde homologie tussen genome, dui op interspesi-
fieke verbastering in die seksie. 
Keywords: Cytogenetics, morphology, Poaceae, principal-component analysis, Tribolium 
• To whom correspondence should be addressed. 
Introduction 
The genus Tribolium Desv. belongs to the family Poaceae and 
the tribe Danthonieae Zotov. The genus comprises twelve 
species and is endemic to South Africa (Gibbs Russell et al. 
1990). The genus is separated into three sections, namely Tri-
bolium, Acutiflorae and Uniolae (Visser & Spies 1994a). The 
section Tribolium is composed of the species T. ciliare (Stapf) 
Renv., T. echinatum (Thunb.) Desv., T. hispidum (Thunb.) 
Desv. and T. utriculosum (Nees) Renv. 
A basic chromosome number of x = 6 for the tribe Danthoni-
eae, as well as for the genus Tribolium, was confirmed by 
Spies et al. (1992). Although chromosome numbers and poly-
ploid levels were determined for the various species of the 
genus Tribolium (Spies et al. 1992), interspecific phylogenetic 
relationships were not studied. 
The main objectives of this investigation were to study the 
meiotic chromosome behaviour of the species in the section 
Tribolium, to determine the various ploidy levels and the type 
of polyploidy present in each polyploid specimen. In addition 
to the cytogenetic data, morphological data were included in an 
attempt to determine the phylogenetic relationships between 
the various species in the section Tribolium. 
Materials and Methods 
The materials used were collected in the field. Voucher herbarium 
specimens are housed in the Geo Potts Herbarium, Department of 
Botany and Genetics, University of the Orange Free State, Bloem-
fontein (BLFU). These specimens and their localities are listed in 
Table 1. 
Inflorescences were fixed in the field in Carnoy's fixative 
(Carnoy 1886). After 24 - 48 h the fixative was replaced with 
70% ethanol. The anthers were squashed in 2% aceto-carmine 
(Belling 1926; Darlington & LaCour 1976). Iron acetate was used 
as mordant (Thomas 1940). Slides were permanently mounted by 
freezing them with liquid CO2 (Bowen 1956), followed by de-
hydration in ethanol and mounting in Euparal. 
At least 20 cells of each of the following stages were studied: 
diakinesis, metaphase I, anaphase I and telophase I. The genomic 
constitution of tetraploid plants was determined with the aid of a 
computer program 'GENOOM', developed in our laboratory and 
based on the models of Alonso and Kimber (1981) and Kimber 
and Alonso (1981). 
Carbon-gold-coated glumes from herbarium specimens were 
studied with a Jeol Winsem JSM-6400 scanning electron micro-
scope (SEM). The structure of the trichomes on the glumes was 
studied and photographed with a Nikon F301 35-mm camera. 
Twenty morphological characters (listed in the first paper of this 
series - Visser & Spies 1994a) of specimens, representative of all 
the species in the section Tribolium, were studied. The data were 
used in a principal-component analysis, using the factor analysis 
of the statistical program, Statistica. 
Results 
Cytogenetics 
Only one specimen of T. ci/iare (Spies 4630) was cyto-
genetically studied (Table 1). This species has a haploid chro-
mosome number of n = x = 6 (Figure 1). Meiosis is normal, 
with an average chiasma frequency of 1.66 (Table 2). An aver-
age of 3.1 rod and 2.9 ring bivalents was observed (Table 2). 
B-chromosomes are absent. 
Eighteen T. echinatum specimens were cytogenetically 
studied (Table 1). This species is diploid (n = x = 6) (Figures 
2A,B), except for tetraploid (n = 2x = 12) chromosome 
numbers observed in a few cells of some specimens due to cell 
fusion. The average chiasma frequency for this species is 1.44 
(Table 2). The average number of rod bivalents per cell is 3.24 
(range 0.9 - 5.3). The average number of ring bivalents per 
cell is 2.76 (range 0.7 - 5.1) (Table 2). 
Meiosis is regular with only bivalents being formed (Figure 
2A). However, low percentages of the following chromosome 
abnormalities are present: precocious chromosome segregation 
during metaphase I (Figure 2A), anaphase I bridges in Spies 
4293 (Figure 2C), anaphase I laggards (Figure 2D) and micro-
nuclei during telophase I (Figure 2E). B-chromosomes are 
present in ten of the specimens studied (Figures 2F-H) (Table 
1). On average, 52.3% of the cells of these specimens (range 
10 - 100%) contain B-chromosomes. Another abnormality is 
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Table 1 List of species studied, voucher specimen 
numbers and localities according to the degree reference 
system (Edwards & Leistner 1971 ) 
Tribolium ciliare 
-3420 (Bredasdmp): De Hoop Nature ReseIVe (--{:A), Spies 4630 (n = 6t 
T. echinatum 
-2917 (Springbok): 14 km from Springbok to Hondeldipbaai (-DB), 
Spies 4904 (n = 6), 4905 (n = 6) & 4906 (n = 6)"; 17 km from Spring-
bok to Hondeklipbaai (-DB), Spies 4279 (n = 6); 23 km from Spring-
bok to Hondeldipbaai (-DB), Spies 4911 (n = 6)"; 30 km from 
Springbok to Kleinsee (-DB), Spies 4882 (n = 6+O-1B)". 
-3017 (Hondeldipbaai): 88 km from Springbok to Kamieskroon via 
Soebatsfontein (-BA), Spies 4920 (n = 6+O-1B)" & 4921 (n = 
6+O-lB); 31 km from Soebatsfontein to Kamieskroon (-BB), Spies 
4293 (n = 6+0-1 B); 103 km from Springbok to Kamieskroon via 
Soebatsfontein (-BB), Spies 4927 (n = 6-Hl-IB); 6 km from Kamies-
kroon to Leliefontein (-BB), Spies 4933 (n = 6),; 2 km from turn-off 
to Hondeklipbaai on road between Garies and Springbok (-DB), Spies 
3778 (not studied cytogenetically). 
-3018 (Kamiesberg): 21 km from Kamieskroon to Gamoep (-AA), 
Spies 4940 (n = 6)". 
-3119 (Calvinia): top of Vanrhyns' Pass (-AC), Spies 4961 (n = 
6+O-1B)"; 26 km from Nieuwoudtville to Clanwilliam (--{:A), Spies 
4970 (n = 6+O-3B)"; 88 km from Nieuwoudtville to Clanwilliam 
(--{:D), Spies 4980 (n = 6-Hl-IB)". 
-3218 (Clanwilliam): 9 km from Graafwater to Lambertsbaai (-BA), 
Spies 4996 (n = 6)&. 
- 3318 (Cape Town): 34 km from Velddrift to Piquetberg (-BB), 
Spies 4581 (n = 6+O-3B); 5 km from Langebaan to Langebaanweg 
(-DC), Spies 4574 (n = 6-Hl-2B). 
T. hispidum 
-3118 (Vanrhynsdorp): 157 km from Kamieskroon to Vanrhynsdorp 
(-DA), Spies 4944 (n = 6+0-1 B); Gifberg Pass (-DC), Spies 4320 
(n = 6)". 
-3119 (Calvinia): 41 km from Vanrhynsdorp to Nieuwoudtville 
(-AC), Spies 4357 (n = 6+0-1 B); 14 km from Nieuwoudtville to 
Clan william (--{:A), Spies 4968 (n = 6). 
-3218 (Clanwilliam): 15 km from Clanwilliam to Citrusdal (-BB), 
Spies 4994 (n = 6-Hl-IB); Pakhuis Pass (-BB), Spies 4988 (n = 
12+O-7B)&; Near the bridge over the Olifants River west of Krie-
douwskrans (-BD), Spies 4993 (n = 6). 
-3220 (Sutherland): 23 km from Matjiesfontein to Sutherland 
(-DA), Spies 4656 (n = 6+0-1B). 
-3319 (Worcester): 69 km from Montagu to Touwsrivier (-DB), 
Spies 4540 (n = 6+O-2B). 
-3320 (Montagu): 26 km from Montagu to Touwsrivier (--{:D), 
Spies 5058 (n = 12); 41 km from Montagu to Touwsrivier (--{:D), 
Spies 4529 (n = 6+O-lB). 
-3418 (Simonstown): Sir Lowry's Pass (-BB), Spies 4615 (n = 12). 
-3419 (Caledon): 27 km from Villiersdorp to Caledon (-AB), Spies 
4650 (n = 12+O-1B). 
-3420 (Bredasdorp): De Hoop Nature ReseIVe (--{:A), Spies 4495 
(n = 6-Hl-IB), 4496 (n = 6) & 5050 (n = 6)"; 2 km from Waenhuis-
krans to Bredasdorp (--{:A) , Spies 4621 (n = 12+O-2B); near the turn-
off to Elim on the road between Bredasdorp and Struisbaai (--{:C), 
Spies 5039 (n = 12+O-IB). 
T. utriculosum 
- 2917 (Springbok): 82 km from Springbok to Port Nolloth (-BA), 
Spies 4886 (n = 6); 73 km from Port Nolloth to Steinkopf (-BA), 
Spies 4896 (n = 6); 30 km from Steinkopf to Springbok (-BC), Spies 
4897 (n = 6); 3 km from Springbok to Kleinsee (-DB), Spies 4871 
(n = 6)&; 7 km from Springbok to Kleinsee (-DB), Spies 4877 (n = 6); 
13 km from Springbok to Kleinsee (-DB), Spies 4881 (n = 6); 13 km 
from Springbok to Hondeldipbaai (-DB), Spies 4275 (n = 6+O-1B). 
-3017 (Hondeldipbaai): 93 km from Springbok to Kamieskroon via 
Soebatsfontein (-BA), Spies 4923 (n = 6). 
& Specimens with different ploidy levels due to cell fusion. 
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Figure 1 Meiotic chromosomes in Tribolium ciliare, Spies 
4630, n = x = 6. A. Diakinesis with 4nR2nc (where the subscript 
llR indicates ring bivalents, and the SUbscript IIC, rod bivalents). 
B. Metaphase I with lllR5l1c . Scale bar: 10 !Lm. 
desynapsis of a chromosome pair during diakinesis (Figure 21). 
Second meiotic divisions are often unsynchronized. 
Two ploidy levels are present in T. hispidum, diploidy (n = x 
= 6) (Figure 3A) and tetraploidy (n = 2x = 12) (Figures 3B,C). 
Chiasma frequencies vary from 1.21 to 1.82, with an average 
of 1.35 for diploid specimens and 1.78 for tetraploid specimens 
(Table 2). On average, 3.7 rod and 2.3 ring bivalents per cell 
are present in the diploid specimens (Table 2). The average 
numbers of rod and ring bivalehts per cell are 2.3 and 6, re-
spectively, for the tetraploid specimens, with an average of 1.8 
quadrivalents per cell (Table 2). 
Various meiotic abnormalities, such as univalents during 
metaphase I (Figures 3E,F), were present in this species. 
Regular segregation of chromosomes (Figures 3D,G) was often 
replaced by uneven segregation of chromosomes during ana-
phase I (Figures 3H,I). Up to seven B-chromosomes are 
present in Spies 4988 (Table 1). These B-chromosomes, if not 
included in the poles, formed univalents on the metaphase plate 
(Figures 3J,K), laggards during anaphase I (Figures 3L,M), and 
resulted in micronuclei during telophase I (Figures 3N,O) 
(Table 2). Other chromosome abnormalities include bridges 
during anaphase I and II (Figures 4A-D) , unsynchronized 
second division (Figure 4E) and cell fusion (Figures 4E,F). 
Genome analysis of three specimens reveals that the 2: 1: 1-
model fits Spies 4615 & 4650 to the greatest degree, with 
x-values of respectively 0.81 and 0.95, whereas the 2:2-model 
of Kimber and Alonso (1981) fits Spies 4621 the best, with an 
x-value of 0.89. 
Eight T. utriculosum specimens were cytogenetically studied 
(Table 1). All the specimens are diploid (n = x = 6) (Figures 
SA-D). The average chiasma frequency is 1.54 (Table 2). Dia-
kinesis configurations vary from ring bivalents only (Figure 
5A) to rod bivalents only (Figure 5B). Meiosis is normal 
(Figures 5C-F) with B-chromosomes present in only one 
specimen (Table 1). 
Morphology 
Three of the species in the section Tribolium are annuals, 
whereas T. hispidum is the only perennial species. All the 
species are tufted, except T. echinatum, which varies from 
prostrate to tufted. The leaves have ligules of hairs and vary 
from densely pubescent in T. echinatum to sparsely so. The 
spikelets of all the species are not-distichously arranged on the 
rachis, they are short-stalked, erect, compressed and (2-)3(-4)-
flowered. 
The glumes of herbarium specimens of T. echinatum and T. 
utriculosum have been specifically studied under the electron 
microscope (Figures 6A-H). The glumes of the species in the 
section Tribolium are firm and densely pubescent. There are 
significant differences in the structure of the trichomes. The 
trichomes of T. utriculosum are short, glassy, tuberculate and 
apically rounded (Figures 6A,B). The trichomes on the glumes 
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Table 2 Meiotic analysis of section Tribolium: haploid chromosome numbers, 
chiasma frequencies, chromosome configurations during diakinesis and meiotic 
irregularities (only specimens in which all appropriate meiotic stages were studied, are 
included) 
Voucher number 
T. ciliare 
Spies 4630 6 
T. echinalum 
Spies 4279 6 
Spies 4293 6 
Spies 4574 6 
Spies 4581 6 
Spies 4882 6 
Spies 4933 6 
Spies 4970 6 
Spies 4996 6 
Average 
T. hispidum 
Spies 4320 6 
Spies 4357 6 
Spies 4495 6 
Spies 4529 6 
Spies 4540 6 
Spies 4615 12 
Spies 4621 12 
Spies 4650 12 
Spies 5039 12 
Average 6 
Average 12 
T. ulriculosum 
Spies 4275 6 
Spies 4881 6 
Spies 4897 6 
Spies 4923 6 
Average 6 
• 1 Haploid chromosome number. 
2 Chiasma frequency . 
2 
1.66 
1.12 
1.1 
1.83 
1.2 
1.6 
1.25 
1.64 
1.73 
1.44 
1.33 
1.62 
1.37 
1.29 
1.21 
1.76 
1.76 
1.82 
1.79 
1.35 
1.78 
1.4 
1.54 
1.4 
1.53 
1.54 
3 Average number of rod bivalents per cell. 
4 Average number of ring bivalents per cell. 
5 Average number of multivalents per cell. 
3 
3.1 
5 
5.3 
0.9 
4.3 
2.1 
4.5 
2.2 
1.6 
3.24 
3.4 
2.3 
3.8 
4.1 
4.5 
2.1 
2.5 
2.1 
2.5 
3.7 
2.3 
2.9 
2.8 
3.3 
2.8 
2.95 
6 Percentage of cells containing anaphase bridges. 
7 Percentage of cells containing anaphase laggards. 
Analysis results' 
4 5 6 7 8 
2.9 0 0 0 0 
0 0 0 0 
0.7 0 33 0 20 
5.1 0 0 25 50 
1.7 0 0 0 13 
3.9 0 0 0 0 
1.5 0 0 0 0 
3.8 0 0 0 0 
4.4 0 0 0 0 
2.76 0 4.13 3.13 10.4 
2.6 0 0 0 0 
3.7 0 0 0 14 
2.2 0 80 0 43 
1.9 0 0 0 20 
1.5 0 0 0 0 
4.1 2.9 38 0 13 
6.3 1.6 0 0 0 
7.7 1.1 25 38 40 
6.0 1.75 0 0 0 
2.3 0 13 0 12.8 
6.0 1.8 1.53 9.5 13.3 
3.1 0 0 0 0 
3.2 0 0 0 0 
2.7 0 0 0 0 
3.2 0 0 0 0 
3.05 0 0 0 0 
8 Percentage of cells containing micronuclei during telophase. 
of T. ciliare, T. echinatum (Figures 6C-E) and T. hispidum 
specimens are long, glassy, tubercle-based and acute. The 
lemmas of all the species are glabrous, excepting for a fringe 
of acicular trichomes on the lower margins. 
Principal-component analysis 
The principal-component analyses revealed that the species 
overlap morphologically when factors 1 vs 2 (Figure 7 A) or 1 
vs 3 (Figure 7B) are plotted. The four species, with their 
specimens, are separated when factors 2 and 3 are plotted (Fig-
ure 7C). 
Discussion 
Cytogenetics 
The section Tribolium has two haploid chromosome numbers, 
n = x = 6 (T. ciliare, T. echinatum, T. hispidum and T. utricu-
losum) and n = 2x = 12 (T. hispidum). A somatic chromosome 
number of 12 indicates that the basic chromosome number of 
the species, and thus the genus, is x = 6. This study, therefore, 
confirms the findings of Spies et al. (1992). 
The haploid chromosome numbers observed for each species 
in this study conform with the numbers described by Spies et 
al. (1992) and confirm their findings. They attributed different 
chromosome numbers, in the same specimen, to mixed collec-
tions. During this study, material from only a single specimen 
was collected in a specific bottle. Nevertheless, different ploidy 
levels were present in a single anther. All feasible measures 
were taken to eliminate contamination. Cell fusion is the only 
solution that can account for these different ploidy levels in the 
same anther. The whole mechanism of cell fusion will be de-
scribed elsewhere (Spies, in prep.). 
B-chromosomes are present in T. echinatum (0 - 3), T. his-
pidum (0 - 7) and T. utriculosum (0 - 1). Their behaviour 
during meiosis is consistent throughout the genus. B-chromo-
somes could be distinguished from the euchromosomes be-
cause they are slightly smaller and look like univalents (Fig-
ures 2F-H). The B-chromosomes are usually situated to one 
side of the cell during metaphase (Figure 2H). During ana-
phase, they are either included into one of the poles with the 
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Figure 2 Meiotic chromosomes in Triboiium echinatum (n = x = 6). A. Spies 4906, metaphase I with 611 , B. Spies 4905, anaphase I 
with a 6-6 segregation of chromosomes. C. Spies 4293, broken anaphase I bridge (indicated by arrow). D. Spies 4574, chromosome 
laggards during anaphase II. E. Spies 4574, telophase I with micronuclei (indicated by arrows). F . Spies 4574, diakinesis with 611 , and 
1 B-chromosome (indicated by arrow). G. Spies 4581, diakinesis with 611 and 1 B-chromosome (indicated by arrow). H. Spies 4581, 
metaphase with 611 and 1 B-chromosome (indicated by arrow). I. Spies 4581, desynapsis of a bivalent during diakinesis (indicated by 
arrow). Scale bar: 10 f.lm . 
euchromosomes, or else they stay behind as anaphase laggards, 
in which case they lead to the formation of micronuclei during 
telophase I (Figure 2E). This behaviour of the B-chromosomes 
confirms the observations of Spies et al. (1992). 
Precocious segregation of the chromosomes of a bivalent 
during metaphase I has already been described by Spies et ai. 
(1992). This study confirms the presence of this phenomenon. 
However, we also observed that precocious chromosome segre-
gation is associated with the presence of B-chromosomes in T. 
hispidum. The reason for this association is unknown. 
Polyploidy occurs commonly in the genus Tribolium, but is 
less frequent in the section Tribolium. The species in this sec-
tion are mainly diploid, i.e. T. ci/iare, T. echinatum and T. utri-
culosum, whereas T. hispidum has both diploid and tetraploid 
specimens (Table I). Even a hexaploid specimen has been 
described by Spies et al. (1992). The tetraploid T. hispidum 
specimens have averages of 2.3 rod bivalents, 6 ring bivalents 
and 1.8 quadrivalents per cell. The high frequency of quadri-
valents indicates a remarkable degree of homology between the 
genomes. The genomic constitution of three tetraploid T. 
hispidum specimens was determined with the aid of the models 
postulated by Kimber and Alonso (1981). All the specimens 
are segmental alloploids, with Spies 4615 and 4650 having a 
2:1:1 genomic constitution with x-values of 0.81 and 0.95, 
respectively. Both specimens are segmental alloploids, with the 
third genome not necessarily similar to the two homologous 
genomes (AAA' A''). The 2:2-model is most akin to Spies 
4621, with an x-value of 0.89. These results indicate that this 
specimen is also a segmental alloploid, but the genomic consti-
tution is of the AAA' A' type. Thus, all the polyploid speci-
mens suggest hybridization. 
Polyploidy is also associated with a meiotic chromosome ab-
normality, namely the uneven segregation of chromosomes 
during anaphase I (Figure 3H). This abnormality is observed 
frequently in tetraploid specimens of T. hispidum and results in 
11-13 segregation during anaphase 1. Since no aneuploid 
chromosome numbers for this genus have ever been recorded, 
it must be concluded that the cells containing an uneven 
number of chromosomes will eventually either degenerate or 
be sterile. 
Morphology 
Tribolium ciliare is a very small and slender grass, restricted to 
the limestone outcrops near Bredasdorp. The gross morphology 
of the other species corresponds, whereas T. hispidum is sepa-
rated on its perennial growth form and T. utriculosum on its 
short, glassy, tuberculate, epic ally blunt and rounded trichomes 
(Figures 6A,B). Trichomes in the other species are long, 
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Figure 3 Meiotic chromosomes in Tribolium hispidum. A. Spies 4495, diakinesis with 6n. B. Spies 4621, n = 12, diakinesis with 811 
2IV (indicated by arrows). C. Spies 4621, n = 12, diakinesis with 6n 3IY (indicated by arrows). D. Spies 5039, n = 12, metaphase I. 
E,F. Spies 4988, univalents or B-chromosomes during metaphase I and II (indicated by arrows). G. Spies 5058, 12-12 chromosome 
segregation during anaphase I. H. Spies 5039, 11-13 chromosome segregation during anaphase I. I. Spies 4988, 31 chromosomes 
indicating the presence of B-chromosomes during anaphase I. J,K. Spies 4988, univalents during metaphase (indicated by arrows). 
L,M. Spies 4988, anaphase laggards (indicated by arrows). N. Spies 4988, micronuclei during telophase I (indicated by arrow). 
O. Spies 4988, late anaphase II with laggards (indicated by arrows). Scale bar: 10 f.lm. 
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Figure 4 Meiotic chromosomes in rribolium 
hispidum. A,B. Spies 4615, n = 12, anaphase 
bridges (indicated by arrow). C. Spies 5039, 
n = 12, anaphase bridge with accompanying 
fragment (indicated by arrow). D. Spies 4650, 
n = 12, anaphase bridge (indicated by arrow). 
F. Spies 4320, metaphase with 611 in unfused cell 
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Figure 5 Meiotic chromosomes in the diploid rribolium utriculosum. A. Spies 4881, diakinesis with 6I1R • B. Spies 4897, diakinesis 
with 611c • C. Spies 4896, metaphase with 6I1c • D. Spies 4896, metaphase with 611 • E. Spies 4897, anaphase. F. Spies 4871, anaphase. 
Scale bar: 10 f.Lm. 
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Figure 6 Electron microscope photos of the hairs on the glumes of some Tribolium species. A. T. utriculosum (Spies 4275). two types 
of hairs: hairs on lemma (small) club-shaped. hairs on glumes (big) apically blunt and rounded. B. T. utriculosum (Spies 4275). hairs 
apically blunt and rounded. C. T. echinatum (Spies 3778). hairs long and acute. D. T. echinatum (Spies 4882). hairs long and acute. 
E. T. echinatum (Spies 4882). hairs long and acute. F. T. utriculosum (Spies 4275). hairs tubercle-based, apically acute. G. T. utricu-
losum (Spies 4275). hairs tubercle-based. apically acute. H. T. utriculosum (Spies 4275). hairs long. glassy. tubercle-based. Scale 
bar: 100 f.Lm. 
glassy. tuberculate and taper off apically (Figures 6C-E). 
A T. utriculosum specimen (Spies 4275) with trichomes 
intermediate between T. utriculosum and T. echinatum, has 
been studied (Figures 6F-H). The structure of the trichomes 
varied from short to long. with the tips either acute or rounded 
(Figures 6F-H), thus indicating an intermediate form and pos-
sible hybridization. The principal-component analysis indicates 
that the species overlap to a large extent (Figure 7). which is 
also indicative of hybridization. 
The segmental alloploid nature of the polyploids, the mor-
phological overlapping and the intermediate morphological 
forms indicate that hybridization plays an important role in the 
evolution of the section Tribolium. The presence of a sexual 
reproduction system (Visser & Spies 1994b) contributes to the 
possibility of hybridization. 
Conclusions 
The basic chromosome number of the species in the section 
38 
,,6 
,,5 
b9 ~ 
cJ5 
1~0 .12 
021 
,,4 
0 22 
A 
.7 
.12 
0 15 ~20 
.a 021 
-'4 
.10 
B 
.13 
·10 
.8 
14 
• 
.9 
o • 
015 
.12 
021 ~o C 
7. 
2" 
t~ 
o 
019 
.11 017 
.11 
cJ9 
017 
2h,28 
029~3 
2~lo18 
9 0 30 
.. 6 
27 
'tJ28 
0 24 
rl6 
o 
0 26 
024 
03r 
0 25 
029 
rl;8 
,,6 
0 18 
o 
S.-Afr.Tydskr.Plantk., 1994,60(1) 
.. 5 
~ .. 2 
1.-3 
.. 4 
0 
22 
023 
" ,,- t3 
,,5 
022 
"4 
Figure 7 Principal-component analysis of specimens representative for section Tribolium. A. Factors 1 and 2. B. Factors 1 and 3. 
C. Factors 2 and 3. .A., T. ciliare; ., T. echinatum; 0, T. hispidum; 0, T. utriculosum. 1, Average values for T. ciliare; 2, Davidse 
33521; 3, Davidse 33769; 4, Davidse 33803; 5, Davidse 34075; 6, Spies 4630; 7, average values for T echinatum; 8, Davidse 33414; 
9, Davidse 33909; 10, Davidse 34125; 11, Spies 4279; 12, Davidse 34019; 13, Spies 4933; 14, Spies 4952; 15, average values for 
T. hispidum; 16, Davidse 33693; 17, Davidse 33702; 18, Davidse 33732; 19, Davidse 33809; 20, Spies 4395; 21, Spies 4411; 22, Spies 
4495; 23, average values for T. utriculosum; 24, Davidse 33228; 25, Spies 3774; 26, Spies 4275; 27, Spies 4877; 28, Spies 4886; 
29, Spies 4897; 30, Spies 4923. 
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Tribolium is x = 6. Ploidy levels are mostly diploid or some-
times tetraploid in T. hispidum. Alloploidy, tending towards 
segmental alloploidy, has been determined for the tetraploid T. 
hispidum. Three of the four species (T. ciliare, T. echinatum 
and T. utriculosum) are meiotically normal with occasional 
meiotic abnormalities, indicative of hybridization, present in T. 
echinatum. Chromosomal behaviour of T. hispidum during 
meiosis indicates some specimens are hybrids. This is evident 
from the high percentage of anaphase bridges and other ab-
normalities observed, since these abnormalities are indications 
of chromosomal evolution. 
The four species within this section are morphologically 
closely related. This is evident from the morphological study 
during which twenty different characters were studied (Visser 
& Spies 1994a). This fact is also clearly indicated in the 
different principal-component analyses. Hybridization is also 
proven with the segmental alloploid origin for the tetraploid 
specimens. The morphological study suggests that hybridiza-
tion is common between T. echinatum and T. hispidum. 
Occas.ional hybridization between T. hispidum and T. utri-
culosum is also possible. Since the only significant difference 
between T. echinatum and T. hispidum lies in their lifespan, we 
think that both species should be included in a single hybrid 
swarm, T. echinatum. The number of species in this section 
should, therefore, be reduced to three, namely T. ciliare, a 
T. echinatum hybrid swarm and T. utriculosum. 
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species from southern Africa 
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A new species, Argyrolobium pseudotuberosum T.J . Edwards, is described and its alliance with other tuberous 
herbaceous species within the genus is outlined. The taxonomy of A. longifolium (Meissner) Walp. is clarified. 
'n Nuwe spesie, Argyrolobium pseudotuberosum T.J. Edwards, word beskryf en sy verwantskap aan ander 
knolvormige kruidagtige spesies van die genus word geskets. Die taksonomie van A. longifo/ium (Meissner) Walp. 
word opgeklaar. 
Keywords: Argyrolobium, Crotalarieae, Leguminosae, new species, South Africa, taxonomy. 
Introduction 
The occurrence of herbaceous and suffrutescent species with 
annual stems which develop from thickened subterranean 
caudices is common in the South African flora. The selective 
advantage bestowed on such plants relates to the strongly 
seasonal climates of the subcontinent. Well-developed subter-
ranean caudices are preadaptations to surviving fire and are 
reported for many members of the Crotalarieae (Edwards & 
Getliffe Norris 1990; Polhi1l1976; Van Wyk 1991). 
A number of lineages within Argyrolobium display promi-
nent caudices. These include large suffrutices with annual 
stems, limited to summer rainfall areas. This group is florally 
monomorphic and is very similar to Harvey's subsection Race-
mosa (1862) with the exclusion of A. tuberosum Eckl. & Zeyh. 
Species belonging to this lineage include A. speciosum Eckl. & 
Zeyh., A. sutherlandii Harv., A. babtisioides (E. Meyer) Walp. 
and A. longifolium (Meissner) Walp. A second lineage com-
prises herbs with slender, weakly perennial stems which be-
come morribund after a few seasons. These species occur in 
both the summer and winter rainfall areas of southern Africa. 
Some degree of leaf polymorphism is displayed in both groups. 
However, floral dimorphism is limited to the latter. A. pseudo-
tuberosum T.J. Edwards, described below, belongs within the 
latter group. In habit it conforms to members of the A. tubero-
sum alliance, but the fairly complex folding of the standard is 
reminiscent of the A. longifolium alliance. 
